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--C.yARACT€{qUMIOD AND REeCTION BEHAVIOR OF FERROCYANIDE SIMULANTS AND
HANFORD-33'fE #IDH-LEYEL-F€RROCYAk,DE WASTE

David W. Jeppson and Brett C. Simpson
U--•':^. ::_....̂ w...._- rn^:nanu........'era.. .......r ^---------------- ----------- --Ra91.111U .

A1f]1 IfAL1

- --- - - -- - ---- - Nonradi-oaCti i%e-waSte 'aiiTiui ants and initial ferrocyanide tank waste
samples were characterized to assess potential safety concerns associated with
ferrocyanide high-level radioactive waste stored at the Hanford Site in
underground single-shell tanks (SSTs). The simulants were prepared to
represent wastes added to the tanks during the 1950s. Chemical, physical,
thermoslynamic, and reaction properties of the waste simulants were determined

-- and compared to properties bf initiai sampTes of actuaT ferrocyanide wastes
-pY'esently- ift the-tanks:--i'i:e-s4mui$nti`,-"$s-prepareo," were sinwn to not

support propagating reactions when subjected to a strong ignition source. The
---- --- sfmulant witir-the-greatest fev°rocyanide concentration was shown to not support

a propagating reaction that would involve surrounding waste because of its
high water content. Evaluation of dried simulants indicated a concentration
limit of about 14 wt% disodium mononickel ferrocyanide, below which
propagating reactions could not occur in the ambient temperature bulk tank

_ wasVe-. -For postulated localized hot spots where dried waste is postulated to
be at an-initiai 'teinperature or iiu ^^, a zonzentration iimit of about 13 wt%
disoditim-mononickel-ferrocyanfide was determined, below which propagating
reactions could not occur.

Analyses of initial samples of the presently stored ferrocyanide waste
indicate that the waste tank ferrocyanide concentrations are considerably

----- --- lpwer-than-t.he limit-fnr-propagairion-fcr--ory waste-and that the water content
-- ----- --is-near-that-sf -the--as-prepared-:imul-ants.- The-remaini-ng--tanks are heing

-s?"131ed=anu
.{

analyte
A
:: sC..m...-cva1.vn.^s+i.... _an ^rnd}vr ..^da31-tanba$lc _lf-thes^v^c ^.n. .. r.

initial trend continues, it will be possible to show that runaway ferrocyanide
reactions are not possible under present tank conditions. The lower
ferrocyanide concentrations in actual tank waste may be due to tank waste

----------e!ixiag- and/or -degradation -from radiolysis and/or hydrolysis, which may have
orCurred_over approximately 35 years of storaae.

Ferrocyanide waste presently in Hanford Site underground storage tanks
has recently been--classified--as--"safe"-[NaZNife(TA) concontratinn of <8 wt%]
or condi"tionaiTy safe' [water is present at 10 to 314 wt%' when Na NiFe(CN)6
_ir present at s8 wt%; and the waste temperature is <90 °C].(') AdWitional
tanic--waste- sampl-ing--to--ioEntify- exist-ing--ferrocyanide-asncentrations, water
content, and potential chemical reaction energy release on heating are
continuing. Moisture retention studies with simulants to resolve outstanding
safety concerns associated with postulated dryout are continuing. Results of
these ongoing activities will be used to evaluate the likely possibility that
all I ferroc."'y anT• de waste wT' l e C3ta •eguriZeû Jasa^ n-ar:c-. n

°1•ree-water content. The moisture criterion increases linearly from
0 wt% at 8 wt% fuel to 24 wt% at 26 wt% fuel.
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A large quantity of sodium ( and some potassium) ferrocyanide [about
140 sletric tons of Fe(CN)64 ] was used at the Hanford Site in the 1950s to
remove radioactive--c-e-si-um>-stront-ium,-and cobalt faam-liquid and slurry

--wastes. -Most-of this ferrocyanide formed ins$ltiisle uletai complexes, which
were precipitated in underground storage-tatslcs ( 750,00u=gai SSTS) as sludge

---- ----_nixtures-combined-_with nitrateln-i.tr-ite-oxidants and inPrt diluents.
A schematic of a typical SST and stored waste is shown in Figure 1. The

-----------decontami-pated- supernatants--frnmxhis-,scavenging prnrecc were discharged to
soil columns to minimize SST tank storage space requirements. Using
historical process records, 18 tanks at the Hanford Site were determined to
have received 1,000 g moles or more of ferrocyanide (mostly as disodium
mononickel ferrocyanide).

Pure, near stoichiometric mixtures of ferrocyanide salts and nitrate/
nitrite oxidants-zarr-exp'rode vmr speeffiC cvnditiorrs-of-(i) externaiiy
heating to high temperatures ( above 250 °C^ or (2) by an electrical spark of
sufficient--enerBy-to-ignite -a-dry mixture. 2) The potential for rapid,
uncontrolled chemical reactions of impure mixtures of ferrocyanide and
-nitratefni-trite- as- formed--in the-ferrocyanide waste tanks was not known. In
actcber-19i9,̂,,0,--the-hazard posed by pote..tial exothermic reactions between
fel^rl^y'an SV^s -'°'^^iu"vnX"}d-tzaeis-}rfti.ie. waattwoS-dcCl,arcd an

unreviewed safety question (USQ).( ) With this declaration, activities with
the ferrocyanide waste tanks, such as tank waste sampling, have been highly
restricted. It became necessary to use representative simulants along with
limited tank waste sampling to help assess safety concerns of the ferrocyanide
waste. The work reported herein is directed toward supporting closure of the

=---ferroc;^a^lee-1'rSQ-al^^c:y tl-sai<ety-i3su[r asSOCiated-with-th@ Hanford
Site ferrocyanide waste tanks.

SINUC711tS REPRESENT1Nfi AS-PREPARED HANFORD SITE WASTE

Ferrocyuwid.. Ynn^.n T^w.na
Y111VC VGAYO IipQ.1

Simulants were prepared to represent the-various Hanford Site
ferrocyanide wastes formed in the SSTs. The flowsheets used to produce these

--was-te -types-are--termed-U-Plant,-T_Pl-ant;--and-.n-Farm.(4)- Scavengi-ng
treatments varied as functions of feed composition, process development, and
chemical-s-available-fortreatment at --a-gi-ven --time. -?wo-variat-i-ofts-each of-the
iz PlaniLand_-In F_amsimulants-werE prepared to represent waste that had the
greatest ferrocyanide concentration ( U Plant 2 and In Farm 1) and waste that. - -r'.oiYl^3 i^av^ a iLv?^-typ^eai #erro^;}^a^i^fi^in^tratiSTi ( 1f-fi8nL i anu in Far;ll
2): Sodium- ferrocyanide -(potassium ferrocyanide for initial U Plant batches)
was added73t^o the wste along with equimolar quantities of nickel sulfate to
scaxenge__- &s-and -- Sr<- Calcium nitrate ( strontium nitrate for most U Plant

--- batches) was added to the waste when enhanced strontium scavenging was needed.
Sodium sulfide was added to some of the In Farm wastes with near equimolar
quantities of nickel sulfate to enhance the scavenging of radioactive cobalt
from the waste on an as-needed basis,-_Calcium_nitrate, when added to the
waste,would form an i n-* diluent, such as insoluble calcium sulfate or
phosphate. Sodium sulfide reacts with the nickel sulfate, also added to the
waste-to form-insofiuble-nickel-sulfide, which is a-fuei in-the presence of an
oxidant. The fractions of ferrocyanide used and the scavenging treatments
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used at the Hanford Site are listed in Table 1 along with the representative
simulants. The variations not represented directly by a simulant were

--expect€d-to b€--1€ss--reactive-than-one-or both of the simulants for that waste
- typz.

= Tal^le Scavenging Tr.^ments L^sed and Representative
c:^..i^^a.. ..r u...r.....^ u...r..

Representative Chemicals added for scavenging treatment

c t fper en age o
Simulant total Hanford Sodium sulfide Calcium or

ferrocyanide Ferrocyanide for strontium
-u_ed- fnr fe 1_-'

JM, nitrato for-^ b- _
rS ( M )

U Plant 66
-U--PIoRt 1- --- --- - 45 -- 0.0025 - None 0.004 Sr
U Plant 2 10 0.005 None None
----- 10 0.005 None 0.016 Ca

T Plant 8 0.005 None None

In Farm 26
_ T- Snwln 1... " n nn _- n nn2- Nnno... . o. l.. .

^
'

. .^,... . J
----- ^ 2 0.0075 0.003 0.01 Ca

I-t -va !!! ' -- .^^Cf -^V•f^--
A AA7. . ...

26•^
/^naN
V

n

^ Y

VVS ---

_ .•,l

-

.._

NV. 1\ UI IC i one

C
1 -- J

n nnG
V.VVJ

/^^ ^^C/^ /^

V.i7i7-L5-V.LV^ -- IC.V1 {r:a

In Farm 2 12 0.005 None 0 . 01 Ca
I----- 1 0.005 0.003 0.02 Ca

- ----- 0•005
f

None 0 .03 Ca
-^ _-------- -i 1 n- --<-1. nnv,•---- nnnNone.._.._ None

Nbne 0.003-0.0045 0.02 Ca

'NaS was added with nickel sulfate for batches indicated to aid in
nwn,4n44n49nn nF 60Pn end Pnc
IIIGVI^/1Y4YIV11 VI VV pl1V VVJ•

=Sr(NQ^)Z or Ca(N03)2 was added as indicated to aiG in precipitation of
^c.. c..c
- Jl- IIJ JI JVI •

Threc marn -adjustmesrts -from -the -actual --processes used--ifi -the--1-9§0s were
made in -prepar iflg simtrl aflts -t#sought- to more rearly repres€nt f€rrocyanide
t?aS?e S1`Sired it=^aST^t2d-^j*^?E^^'u ^rr^3k?da< imrrl_^t^th2twmTtot1'aY'iioactive.

= The solution concentrations ( except U Plant 1) were adjusted to
--include-hitrite-at-a 1:3 moie ratio of nitrite/nitrate to account

for nitrite. builduc over time in the wastes by radiolysis of
nitrate. Nitrite is more exothermic when reacting with ferrocyanide
than nitrate, and the mixture is expected to react at a lower
temperature.

3
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• The radioactive isotopes in actual tank waste were not included in
---the-simulani: because_of-the--difficult_v iir-work-ing-with radioactive

materials.

^ --Th2-sett'red- wasta-s-inu:Tant, -from -the -laboratory--scavenging- process
were centrifuged at a force of 2,500 g to mimic an equivalent
30 gravity-year settling period.

Pny"sicai Pro'pertieS

- ------- Physical- prlaperty--mewurements-a!erg made -on the-ferrncyanide-aimulants
, °' a^°°"---- --=-f,repgrad> - The v01::me fractio^-produc2d,-simu1 allr ucll^ 1 t.,^, simul ant

nermeability, and supernatant density are listed in Table 2.r-• ^

Table 2. Physical Properties of Ferrocyanide Simulants
and Their Supernatants.

Supernatant Fraction of Simulant
1'l^ll^larif___.__. ^.___ YfeSliitV _

simulant per
--- densl y

Permeability
---t (g^

^'
_a,)

1
voiume of feed )(g/

C
(cm/s)

enl utinn

U Plant 1 1.21 0.036 1.40 5.6 x 10"6

U Plant 2 1.21 0.043 1.27 ----
.j_TP,ew+ . .

I m,^
- .. 1-..1^ ..

a.a4 _... i7..^iZ 
A _

.rv
_ . . 1_

a•+r 1

^in Farm i 1.33 I 0.013 1.49 ---
_

in -FLLI111 L
97

1.LI V1V
90

1.dJ ^
A fl 7
^.V x 10

Chemical Composition

The_chemical composition of the simulants are listed in Table 3 on a
dry^weight basis. Most of the simulants were divided into a top and bottom
fractian oy-totor dirierehcLv-,-and-each fraction was anaiyzed separately. The

-- volume -fractiorl of top-fraction material is listed in the table heading, and
the bottom fraction consists of the remaining material. It should be noted

-- - that "fi'frta is sul^iciY^fi 67ii^afit ^tti`craiejiniriieJ present-in-ali simuiants to
===react=with=a?3=a_xhe=ryaF,ide=aresent-#n-thg r^^p^^+i,^ ^imulant. The In Farm

=1 ;tmu}anx- alse-contalras=a smajlaa:o:mt af s:.jlfide-i=ueT.---A_smal l quantity-of
cesium was added to the In Farm simulants to support aerosol release tests on
these simulants. To convert the reported cyanide analysis to Na NiFe(CN)6,
multiply the cyanide analysis by 2.03. The free-water content of the
as-prepared ( centrifuged) simulants is also reported at the bottom of Table 3.

-Bound -water-(water remaining-in-the -dried simu-lant- after heating to 60 °C
under vacuum for 18 hours) held in the dried waste as adsorbed and as hydrated
water was quantified to be about 4.6 moles of water per mole of ferrocyanide.
This bound water content of dried simulants was determined by conducting
simuTtaneous differential scanning calorimeter (DSC), thermogravimetric
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Table 3. Chemical Composition of Simulants.

Simulant and simulant fraction

U Plant 2 T Plant In Farm 1 In Farm 2
Analyte U Plant 1 top ( 50%) top ( 90%) top (40%) top (50%)

bottom bottom bottom bottom

Composi*_ion, wt% on dry weight basis

Bound water 1.2'
.

22,5
3
1'

5.8
5.4

5.6
5.9'

Nitrate 49 37.0 19.3 29.1 27.1
33.0 3.89 29.0 24.7

Nitri#e 8.02 4.76 8.2 1 7.26
7.2y v.91 - /.Stf 6.28

^ Suifate-- f 5.5- 4.8. ^ 1.65b„ .^a 3.3 2.4
.

4.Y
-_

Y.Y7 J.J
, ,2
-.12

Phosphate 3.1 8.0
8.9

18.4°
27.6°

10°
10d

5.8
7.6

Cyanide 2.3
1.3•1 4•33 9.0 9.1
4.1 0.795 12.6 11.1

---- ----
e

----Sulfide ---- ____ ____ 1.3e

Soriium 31 4 23 19 17 22,
21 3.5 16.6 20

Iron 7 6 6 9.8 3.5 3.8,
7 2.3 4.9 4.0

^^i - ^- e^ 1.4 1.95 5.0 4.1
^Titi nc1 r--.Sl.or_ 1 ..

Y.^ u.^o 6.8 4.5

---- 0.100 0.30 0.46 1

i
----

-._

^ ---- 0.0125 0.42 0.50

Other inerts 81
7 17.7

f 8.5 12.4- ^^
.. 59.2 2.4 13.1

^- 67 69 51 52I F ree water 66 6 4 45 48 50

'Estimated based upon ferrocyanide content ( 4.6 mole water per mole of
ferrocyanide).

°Calc^^lated from inductively coupled plasma (ICP) and X-ray
fluorescence (XRF) sulfur analysis assuming all sulfur is sulfate.

`Calculated from ICP and XRF phosphorus analysis assuming all phosphorus
is phosphate.

Adjusted values from analysis to make material balance.
fCaiculated from feed make up.
^ismuth is 39 wt%.

5
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analysis (TGA), and mass spectrometry on released gases. This bound water is
important to safety because endotherms associated with its loss at higher

-temDeratures-can D1a_X a-role-in-9reventinsF Qropa9ating reactions in dried
ferrocyanide waste.

_---_----__=---Thsse-analytical-re5ults-indicate_that-the_ln_Farmsimulants contained
the greatest ccneentrat°ion of cyanide with the In Farm 1 bottom fraction
containing the most [12.6 wt% CN or 25.6 wt% Na NiFe(CN)6] and a smali amount
of sulfide fuel ( 1.3 wt%). The In Farm simulanis contained about 50 wt% free
water and significant bound water. The residual mass consisted of nitrate/
nitrite oxidant and inert solid diluents.

-- - 7AEAC1`1ON---PdDPEUMi;OF AS-KRFraicsu-sUiuiMUi 5

No-propagating-reattiflns-occurred for the as-prepared simulants even when
subjected to a strong ignition source ( heating to greater than 1,200 °C). The

_-______rMt;nn nf the fprrocyanide and--oxidaat -present- it -the- -as-prepared simul ants
was_insufficient_to-provide the necessary heat to overcome the heat of

----vaporization of the water present in the simulants and sustain a reaction.

--- --- - RF•AYTivA °nV°GnTiw
At

DniGrni^ an FnM .CiTMV^w71.^

Reaction tests were-conducted with dried In Farm 1, bottom-fraction
-simulant -to -det-ermine propagation rates, energy releases, reaction products

-- ------------ftirmaG1z--Afli1- AR -•=_•i..-ai..- ..
th e.....__, and OSui pruuu^^iun i

i
or a^disodlum monon C B ferrocyan ide

-- ---- '^ r n r r...^ i
-- - :reaCti6Trwitfi ^ti-Tateirrrti'i ie^' aftt-^fl -a Waste matt'ix. -eu iP^ rann 1,

bottom-fraction simulant was tested because it had the highest ferrocyanide
£oneeftrati^ [25.^ ^tA 4o2NiFe(CN)6] of all the simatlarrts prepared and was
most likely to react to completion. Parametric tests were conducted as

--functions of ferrocyanide concentration, initial test temperature, initial
test pressure, water concentration, geometry, and density. Tests were
conducted by igniting a vertical test cylinder of prepared simulant at the top
open end in a containment vessel in an argon atmosphere. The rate of
-prop^agatTOn--was measured-by monfitor^ i';he temperature responses of imbedded
±ti"'""^r^-1^pi's ac-a--fUnctioSl--9f-tl_!Ile.(5;6) A typiCal prnpaga4inn rate test..a^.^.:^,.^

configuration used is shown in Figure 2.

Dependence on Ferrocyanide, Water, and Solid Diluent Content

Adiabatic calorimeter and propagation test results are shown in Figure 3
to illustrate the effects of water, solid diluents, and ferrocyanide
concentration on propagation limits of dried ambient temperature (initial

- - -- --- - temperature'unpu3ra+rUYe _2`^ ti^-3a
o
_ y)

_
-rraSte. T 23e_ rcS+1 tS-- _fi tCBt"s tliat _prupag"sting

- `--7'earctYa^T3-wii'^-nBr at'^ii^' ^r'Gf---i^as'e YoRConcra^ionr oT-id-ivt%- Na2NiFe(CN/6
or less. These results also indicate that for the most concentrated dried
ferrocyanide simulant [25.6 wt% Na NiFe(CN)6] that a water content of 12 wt%

---or jrPater--is -sufficien+-ta preveni-a-propagating-rEaction-fromaccurr-i-ng te
involve surroundina_ waste. ProQaqation tests conducted at an initial
temperature of 130 °C (results not shown in Figure 3) indicate a concentration
iimit of 13 wt% NaZNiFe(CN)6, below which propagating reactions will not
orrur.
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Dependence on Other Parameters

-- ------- --- mci„-o,l n,-nnanarinn rates are shown In Figure 4 to illustrate the
effects of initial temperature and initial pressure on the most concentrated
dried simulant (In Farm 1, bottom fraction). The propagation rates were shown

--rtG B@- depeftdeni Tlpon test iyl SndeY Giameter iip to 25 nTn u i wieter. The

propagation rate was dependent upon density of the test material. The
---particle-size--of--the-test material-was-also-thought to no significant with the

-- -=^mali^rars5r?g-stz¢s-^ac^iniJ ^^ gr-e-eer-"dt^',==tiiei`-or^, 1:=e"`ts were
^gnr^jcted with very fine oarticle sizes similar to tank waste.

pna_tinn Mnchaniss

----- --- ---Analyses-of-sv-1 iAd and-gas- r-eactioa -products of dry In Farm 1, bottom-
fraction reaction tests help identify the actual chemical reactions occurring
-when-ferrocyar.ide reacts with ni*ra*e/nitrite oxidant. Gases produced for aat
test conducted with 49.7 g of dried In Farm 1, bottom-fraction simulant loaded
in a test cylinder 25 mm in diameter by 80 mm long at 1.26 sp gr at an initial
P. sphierrs--absalut-e--and ae initial test material temperatureIv"Pas-surs of 40_ry-^
of 61 °C in a 49-L containment vessel were sampled and analyzed. Results of
the sample analyses indicated 5.5 moles nitrogen per mole of ferrocyanide,
Z::2 mo}es of carbon dioxide per mole of ferrocyanide, and 2.60 moles of
ni-troges: oxide (NO)-per mole oi:ferrocyanide!were-pd'Od11fed. iirhar cimilar
tests conducted at initial pressures of about 3 atmospheres indicated similar

- gas-reaction products. The solid reaction products were determined by X-ray
diffractiov-(XRU) to in.°itde NaFe4Z as a major camponent-and !daFF03, Na C"
(with and without one water of hydration), NaNOZ, NaNO3, NaA10 , and Na1^1^4 as
minor components. The aluminum came from the igniter materialz used to ignite

--the -dried -test- simulant: - inductively-coupfied piasma-and X-ray fiuorescence
-results-indicate-that-only very -smll amounts of nitrate (about 1.5 wt% of

- oriqinal- nitratel- and-rlitPite- (about 2.4 wt% of original nitrite) remained in
---the reaction-prIIducts.---The apprbximate overaii chemical reaction as

_a_.^
in
--
ea
J L.

oy
.
reac

t
l

_1d__
on pr n

.._J.._
ouuc

L
u
_ _.

:aetierm

------- ..._ -...
fIa_N1FP11=N1. + h NalY1L + J 14a171J -i

- _ _
..-).... ^-..^A . - ..-..-^ . - ..-.._ _ _ _ __ _____--

_._,^_+. n n

0. 3

u_ r n n n n_r un r r 11
u.r rYar^eo2 f-3.8 ir5ZCu3 +-Fia2? + ".^ ni3re + c.r ^OZ-+-c.o NO + a.o nZ.

Thervera'=l-heat=gfreaoL?o-k--oi'-*he--±Ferxocyanide-nitrate-/nitr-ite--rPZcti_n
at temperatures up to 620 °C was measured during a U Plant 2 simulant test
using 70 g of dried simulant(s) to be -6.0 MJ/kg Na NiFe(CN)6 by measuring
waste temperature increases and using appropriate Aeat capacity accountinq for
constituents. A value of -6.1 MJ/kg NazNiFe(CN)6 was measured from a test 6)

on In Farm-l-simulant. This-net energy release appears consistent with
theoretical exothermic values reported by Burger for reactions gi y ing N. and
Co. as gas reaction products -9.5 and -11.7 MJ/kg of Na2NiFe(CN)b' ^^ for
-reaetlar -wrth-ni^i< -and mtriie^ respective-ly- and- an endotfiern^ic vaiiie of
+2.0 MJ/kg of NaZNiFe(CN16 when NO is produced along with N2 and CO, from
reactions with nitrate.'"' -

7
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Aerosol releases were determined in similar tests using dried In Farm 1,
bottoai=fra€tion=simu}ant Soisiu^^pndce2ium were the ma.ior cation species
released as aerosol from reactions of the dried simulant. The fractions of
yecid;^;-released-from-t^-'r,ests_were-dei.ermined to bet 14 wt% for the 61 °C
}n^^F 3-'r-- {̂ ^jfq

6tt -VPr3^r-
{ /̂(r-R̂p

Li-Z FS^ ^ 1 .
^^/") ^̂ 3y^py/ S`}a-?.^L7^1 is' 9f=1tiai_.-^Y`$^.QY V

y'^a....-
Y^G YŶt^^^^L^4!l.^i^5- .li••

--- The ^^1i-s were -deter-mined by summing the following: (1) aerosol collected..ez-re W.
on fil-terpapers,-(2) deposition plated an aluminum foil lining (top. sides,
and bottom) of the reaction chamber, and (3) loose deposits at the bottom of
the reaction chamber at the completion of the test. The percentages (61 and
72%) of the released cesium were collected as aerosol on the filters from
vented_gases. Fractions of sodium, iron, and nickel released varied from
Za to 6.5%, 0.33 to 0.69%, and 0.45 to 0.80%, respectively, for the 60 °C and
the

19n °f inifizl 4emneratime toctcY..^ .^.. .. ....Y.... Y ...r ............ ..........

LMtyCI' nr •uTrTAl rrnnnwvt.uenr tAw uAete SANPLES

Tank waste vertieal etsre sampl-es #avg beem obtained and a.^.alyzed from
tanks containing In Farm type waste (Tanks C-109 and C-1^^^iand tanks
containing T Plant type waste (Tanks TY-101 and TY-103). Key results of
these-a!4ivSBS am-fTSSed in -Tgbie4 : 7hese ^esults sugge3$ t#tat the
#errocyanide-wa-ste--added to the tanks has mixed to some extent with other
^vaste fhigher- nickei=bearing waste in Tank ^-1v^ and ldwcr nickel-bearing
waste in Tanks C-112, TY-101, and TY-103. The ferrocyanide concentration of
the tank wastes is considerably lower than for the corresponding simulants.
T^e-^ea^s of reaction, as measured by uSC for the tank waste , is also

considerably less than the heats of reaction for the corresponding simulants.
This s`"ggests that the ferrocyanide waste was diluted by mixing with other
waste, and ferrocyanide degradation by radiolysis or hydrolysis has occurred
-over the--3g-Plus-years-i;-f-storage.--Studies are currently under way to
=eva-}ua-ta=the-af€ects-of=7ad',o-lysi4-and-poss-ib-l-e-hsy-dr-al-VSis- in--the presence of
Ls-L -u .-^-a- (13,14)
nign pn riQJLC. -

-----Sampi-es fYom-Tanks C-109, C-112, TY-101, and TY-103 indicate that the
-free-watercontent-of-waste-in-these tanks is more than sufficient to preclude
=th-e--occurrerce z f- aNrNagatiiiy i-eai.tion-for-ferroc,lyanlde concentrations as
high as the most concentrated simulant. The nickel concentration of the waste
as comparea to the representative--simuiant-Ts a general indicator of waste

^ype mix n^y and r°S0 ting r1;7ij±iCn of the ferrocyanide.

, nnl^n^ urlnuO

S_rmulants-of ferrccvanide wastes have been characterized and evaluated
alana with initial tank waste samples to aid in establishing safety criteria

--^n ^^.;s.'i' k.`^o^^!•da^.u'F!-'nrl_ {nl n€naCniv {ne
` -- - -- -- -^..3' ?r^ €^3. thO=st-^,-i- c$_ tia - re :ea#it3o!^r: = e: el^ aaua`a related to
--------- the--ferrocyanide-waste stored-at-the Hanford Site. Simulants were prepared to

represent the three general types of ferrocyanide waste stored at the
Hanford Site and tested for safety concerns. The simulants, as-prepared, were

----------shown -to--not -support -propagation -reaciaons--that rould spread to surrounding
waste. A safety concern was identified, however, if the most concentrated
simulants were allowed to be heated to high temperatures. Propagating
reartions-at rates-up-to-20--cm/min were initiated by applying external heat to
dried In Farm simulants. These reactions generated temperatures in excess of
1,200 °C and released gases and aerosols. Experimental limits of nonpropa-

° ^''^i?CR '•-n b!}71 ta3^ ^'3S±P-^e!?-^Qt^'"^Ri.,^.9^ to h° d'^'.:i.n-imum 1-4-wt% disndil;m
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Table 4. Kev Safety Characteristics of Ferrncvanide Wasta and Simulante

; iMu1 ant
^
- Tank/waste type

.., _rc .-_,
rt xei
wt% dry

3otat
cyanide
wt% dry

rieat UT
reaction

J/g drywaste

ree water
wt% as
received

^?i+-Far-p 10:2 =980 - - 51

Tank C-109/
In Farm and

---wat hC -waste - - -- ^ -10.-on to 30. 9- 0.-3 to 1.4 - - -0 to - 52 -- -28. 2 to -48: i

Tank C-112/
In Farm and
other waste 0.09 to 28.2 0.4 to 0.97 0 to -36 39.3 to 56.8

T Plant - - 1.82 4.04 -412 66.3

Tank TY-101/
T Plant and
other waste 0.51 0.339 -13.5 43.5

ianR TY-1^j
T Plant and

--other waste---- 0.41 to 0.13 0.243 - 140 52.0

mononickel ferrocyanide with zero free water. A minimum moisture content of
12 wi:% was needed to prevent propagating reactions for the more concentrated
In Farm simulant with 25.6 wt% disodium mononickel ferrocyanide.

----- _-=---=Adda ional tank waste sampling and analysis are under way (starting with
Tanks C-108 and C-311) to establish the expected low concentrations of

_-ferrqcyanide_in the_actual tank waste . Moisture retention studies with
siimulantsare continuing to m;sure that the moisture content of the waste is
grVat -enPu9h-to-preclude-uncontrol-led ferrecyanide-reactions for two In Farm

--- -- --;aste- tanks__{C-108 and G-1131-.-- P.€sutts o€-these ongoing studii?s--are expected
----- - M s' ifl t`^tl^nn 4f Fnrw.nn n 11t13 $41^?0: ^_^h^-_,.^_a$^:. ya111(1A WaCtP into the safe

cateanrv_----^- ^-
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Figure 2. Schematic of Propagation and Aerosol Test Equipment.

Argon
-- ^-Atmosphere ^

- s ----- -

,; - - -

- - -
-ii _- - . .--

Simulant test cylinder
25-mm diameter by

-- ,- \100,mm se!gth

2

rCr_z s. a

Atmosphere thermocouple
- (20u mm from top,
76 mm inside)

Filter holder

.i ^Z °Daii vaivc

r-"^Orifice

Aerosol inlet at
center of chamber

m°̂-e thermocouple
(200 mm froen-bottom,
76 mm inside)

49-L vessel with 305-mm inside diameter by
9.6-mm-thick wall by 673-mm length

39402034.3

12



WHC-SA-2190-FP

-°-- --°----------- ' ^
-----LS-.- .G-Jl._ .

Figui-e` 3: cxNn Antentai rropagation umiLS as Funct i ons 0
Ferrocyanide Concentration, Water Concentration, and

Solid Diluent Concentration.

0 _inn a
-i-AalapaiicZatcuirnPtry- 1PRt A o

No Propagation / o
10_/ \ A

--- -Drnn^n^}inn Q^1n Tn^^ ^ ^yV `0^
- ^ v^r y uv. caa. a..^a / • \ (^w

No Propagation

APropa_q_ation Rate Test 80 f
e__^..__.:,._ n^---•--' 0^
r1uFGUGUU11 Vu.l-CfVCL1

30,( ^ 70
7 A

-\(60
- ^ . ... e

e*%`
o\° 50

/
Q 'd+

^+ In-Farm 1
50

Bottom Fraction `30
6^ -- Simularrt -^40 `Q

^

\30- ^^ 0
UPIant2

80 ^ Bottom Fraction 0 •s
Simulant

T /9 ^LIa n .-- -\-- i anK ^.- i uy aampie, ^
- ^.

°^ 54 J/g, 40% H90 ; 10 ^

AL
0

0 10 20 30 40, 50 60 70 80 90 100

Wt% Water
------------- 39402034.2

13



O

O

N

^
m
Cl)
Cl)
c

m

D
1

O

m
z
m
^^.

rn
y
0
r
C _
1
m
^ A

O

^
O

O)
O

•ainie_jadwai iel4-p;_pue_arnssaAd1Q_suQtpunase zueinwis - -
u^L'4:)e.Aj Wo-4409--1 uU-eJ-ui Pof.(0-103--sajPH-u0Lje6ede.ad--'; a.An6L3

dj-06IZ-WS-OHM

4i

PROPAGATION RATE (CM/MIN)
N N (J (J

v+ O c7^ O CTI O ^?+



WHC-SA-2190-FP

DISTRi8UTI011

Number of Cooies

nFF.CaiTE

fi-LJ___- 4 L`aser ^Diions. inc.
Cu44n 1 O

L7V JVV411 f IVIIIGI ^ JVIYG 17

Turenn Ar17nna AS710- - -. ---- . ^ ... . ^-..-

ATTN: Dnnna Mr-Cnmh /41-- - ----- - ---- ------- --------- . •.

ONSITE

3 U.S. Deoartment of Energv.
-- Richiand ooerations-Office

R. F. Christensen (3) R3-72

21 We sti nghouse Hanford Comoanv

--G. -y- -Barney

O. L. BYIDhCII RL 11

R. J. Cash R2-78
M--- n r;,;rr`" 1.5,31
J. M. Grigsby H4-62
J. A. Hunter L5-31
D. W. Jeppson (4) LS-31
J. D. McCormack L5-31
J. E. Meacham R2-78

- ------ A. K. Postma H4-62
B. C. Simpson (5) R2-12
information Release
Administration (3) LS-07

Distr-1


	1.TIF
	2.TIF
	3.TIF
	4.TIF
	5.TIF
	6.TIF
	7.TIF
	8.TIF
	9.TIF
	10.TIF
	11.TIF
	12.TIF
	13.TIF
	14.TIF
	15.TIF
	16.TIF
	17.TIF
	18.TIF
	19.TIF
	20.TIF
	21.TIF

